Introduction
Canine Ehrlichiosis (CE) is a disease of frequent occurrence nowadays, and epidemiological studies are showing its high prevalence and high seropositivity. Among those that stand out, seropositivity between 49.3% and 100% for Grenada and Peru, respectively, between 2006 and 2007 in dogs with clinical signs compatible with infection by Ehrlichia canis [1, 2] . In Brazil in 2007, it was reported a prevalence of 46% in dogs by using PCR in samples harvested from dogs with clinical suspicion of the disease [3] . Date from tropical countries is controversial: No evidence of Ehrlichia canis was found in blood smears [4] , seroprevalence ranged between 45.8% and 92.9% of patients when using ELISA [5] [6] [7] , whereas its frequency ranged between 40.6% and 68.75% using PCR [8, 9] . Ticks of the Ixodidae and Dermacentor families transmit CE, including Rhipicephalus sanguineus, Dermacentor variablis [10] , and the black-legged tick Ixodes scapulari, vector of Anaplasma phagocytophilum [11] [12] [13] . Canine Ehrlichiosis exhibits variable and unspecific symptoms according to the phase of the disease, varying from an acute symptomatic phase to a subclinical phase in which symptoms disappear. In the chronic phase, more unspecific and multi system clinical symptoms appear, including continuous weight loss, weakness, depression, arthritis, renal failure, and pneumonia; neurological symptoms such asataxia, convulsions, and coma; and clinic-pathological changes including pancytopenia, monocytosis, and changes in coagulation factors [11, 14, 15] .
Oral doxycycline is the antibiotic choice for the treatment of CE [15] exhibiting advantages over other tetracycline's, such as greater distribution toward tissues, increased enteral absorption, in addition to its broad anti microbial spectrum [16, 17] . Currently, treatment with oral doxycycline for 28 days is the protocol for treatment of dogs affected by CE [15, 18] . However, this treatment harbors gastrointestinal side effects by pharmacological properties of the antibiotic and the prolonged time required for treatment of CE [19] [20] [21] , resulting in anorexia, vomiting, and diarrhea [17] . Until now, there are no reports of prospective studies designed for evaluating the outcome of dogs treated with doxycycline and the relationship of the outcome with its previous clinical phase. Poor clinical assessments of treated dogs or no use of enough diagnostic procedures for the evaluation of the outcome of the gastrointestinal tract in treated dogs are problems to be solved [22, 23] . The objective of this work was to compare the histopathological findings in the gastric mucosa of working dogs seropositive for Ehrlichia canis before and after treatment with doxycycline.
Materials and Methods
This work was a descriptive longitudinal study approved by the Institutional Board for Animal Experimentation (CICUA in Spanish) from CES University, Medellin, Colombia (Act # 2, February 25, 2013) . This study met the requirements of Chapter IV of Act 84 of 1989 in addition to Title III, Chapter VI of Act 576 of 2000, of the Republic of Colombia.
Sample selection
In this study, we established the sample size by convenience (n=55). Nineteen out of 55 dogs tested positive for Ehrlichia spp., or Anaplasma spp., as confirmed by serology (ELISA) using the Snap 4DX from IDDEX  kit, according to the manufacturer's instructions. Sensibility and specificity values of the test were 96.2% (95% IC: 90.1%-98.8) and 100% (95 IC: 98%-100%), respectively, for detection of antibodies against Ehrlichia canis; and 99.1% (95% IC: 96.5%-100%) and 100% (95% IC: 98%-100%), respectively, for detection of antibodies against Anaplasma phagocytophylum. For all dogs, age and weight were older than eight months of age and greater than 20 kg, respectively, with no pre existing chronic diseases or clinical symptoms of sickness, without receiving oral medical treatments within the last month. Females were not currently pregnant. All dogs were working dogs owned by a private security company in Medellin city. The risk factors considered for dogs to suffer from CE were chronic stress and tick infestation [24] .
Treatment schedule of dogs seropositive for CE
Dogs with positive results for antibodies against Ehrlichia canis and Anaplasma phagocytophilum received medication with 10-mg/ kg/day doxycycline p.o. for 28 days. Precise recommendations were given to dog´s handlers for providing the dog with their complete treatment and avoiding any other oral or parenteral medications, such as multi-vitamins, antibiotics, anti-inflammatory drug medications, or mucosal protectors that could interfere with the formulated protocol. A blood sample was taken to each dog by puncture of the cephalic vein for blood testing including hemoleukogram, serum chemistry, and renal profile. Blood parameters tested were red and white cell counts, Alanine Aminotransferase (ALT), Alkaline Phosphatase (ALP), serum creatinine, and Blood Ureic Nitrogen (BUN).
Endoscopic evaluation, biopsy, sampling, and histopathological processing and evaluation
For endoscopy, dogs received premedication with 0.01-0.05 mg/ kg I.M. Acepromazine, and induction of anesthesia with 2-5 mg/kg I.V.1% Propofol. Once under premedication, each dog was intubated with a tracheal catheter with caliper size ranging from 5-9 mm depending on weight of the dog. Anesthesia was maintained with 1-2% Isoflurane using inhaled anesthesia according to individual requirements for reaching the anesthetic plane, maintaining the same protocol for all patients. The endoscopic procedure was performed, using a Pentax video endoscopy. The grossmacroscopic exam evaluated the stomach and duodenum, under the responsibility of the same veterinarian for avoiding bias in sampling and data recording. Biopsy samples consisted of a 2×2 mm sample of the gastric and duodenal mucosa obtained with a biopsy punch that was immediately fixed in 10% buffered formalin at a 10:1 volume-to-size ratio and sent to the laboratory for histopathological evaluation. Samples were keptunder fixation solution for 12 to 36 hours, then prepared on paraffin blocks. Afterward, microtome cuts of 3 to 5 microns were taken, mounted in glass slides and processed under standard conditions using Autotechnicon. The processed slides were stained with Hematoxylin and Eosin (H&E). The microscopic evaluation was performed by the same Pathologist (Rodrigo Restrepo ® Pathology Laboratory, Medellin, Colombia).
Microscopic findings were read according to the method of semi-quantitative estimate under the standardizing criteria for microscopic gastrointestinal evaluation proposed by WSAVA International. It makes a more accurate sample assessment taking into account the distribution of layers of the digestive tract and the relevant microscopic changes, for generating a common starting point for histopathological evaluation [23] . Similarly, the diagnosis and quantification of Helicobacter spp., in microscopic slides were conducted by the modified Sydney method [25] . The same Pathologist read and diagnosed all histopathological slides as mentioned above.
Clinical follow-up of the dogs
Clinical exams were practiced for all dogs included in the study at time zero, during the period under antibiotic treatment and at days 30 and 60 after treatment finished. All dogs were subjected to a clinical exam including the evaluation of physiological parameters, clinical signs, body condition score and blood sampling for hematological diagnosis during four weeks. Clinical gastrointestinal signs such as retching, reflux, vomiting, or diarrhea, were considered as complications of antibiotic treatment.
Statistical analysis
Data were recorded in an Excel spreadsheet (Microsoft Office © ). Data obtained from endoscopic and histological evaluations of gastric mucosa was evaluated by descriptive statistics. It was verified the skewness and kurtosis of data. A Student t-test was conducted on the results of the histopathological evaluation. For qualitative variables, a chi-squared test of independence was performed to determine the effect of treatment. Data were analyzed using the STATA10 © software (Stata Corp LP, Texas, USA) with a confidence level of 95.0% (p<0.05).
Results
Nineteen out of 55 dogs (34.5%) tested positive for Ehrlichia canis or Anaplasma phagocytophylum, of which males and females were 12 (63.16%), and 7 (36.84%), respectively. The average age and weight of patients were 57.16±23. 26 Retching, reflux, vomiting, or diarrhea, did not significantly differ between gender of dogs, nor between time zero and day 30 after antibiotic treatment. Seven out of 15 dogs (46.7%) developed adverse reactions to doxycycline treatment: Three dogs (20%) (One female and 2 males), two dogs (13,3%) (One female and one male), and four dogs (26,6%) (One female and 3 males), presented retching, vomiting, and diarrhea, respectively. Only a dog showed retching and vomiting concomitantly. Gastrointestinal signs did occur more frequently (although not statistically different) in patients with a Body Condition Score (BCS) of 3 (1 to 5 scale) compared to other BCS degrees.
The frequency of gastrointestinal signs was significantly higher in adult dogs: Three dogs presented retching (Two dogs between 3 to 6 years and one dog within 1 to 3 years old), and two dogs presented vomiting (Both dogs between 3 to 6 years old). Also, dysentery signs were significantly higher in patients from 1 to 3years old (One dog), and 6 to 9 years old (Two dogs) (P<0.05) (Figure 1 ).
The most frequent gross macroscopic changes observed in gastric mucosa were edema, discoloration, friability, bleeding, erosion, abnormal content, dilation and hyperemia, and vascularization, with no statistically significant differences between lectures performed before and after doxycycline-treatment (P>0,05) (Figures 2-4) . The most frequent microscopic changes found both at days zero (before treatment) and day 30 after treatment, including the presence of Intraepithelial Lymphocytes (IEL), and the presence in lamina propria of lymphocytes, eosinophils, and neutrophils, gastric follicular lymphoid hyperplasia, lymphoplasmacytic infiltration in duodenum, chronic duodenal inflammation, and the presence of Helicobacter spp. The presence of Helicobacter spp., tended (P=0.12) to decrease in patients after treatment, with a frequency reduction from 40 to 26.67% (Figures 2-5) . On the contrary, edema tended (P=0.12) to increase in the mucosa from 13.33% before treatment to 30% 30 days after treatment (Figures 6&7). figure A) , negative for malignancy. In this figure, it can be observed a duodenal mucosa with no dysplasia although accompanied by a moderated lymphoplasmacytic infiltrate in the lamina propria (asterisks in figure  B) . Neither malignancy nor dysplasia was observed (Hematoxylin&Eosin, A: 40X. B: 100X). 
Discussion
In this study, we reported the incidence of macroscopic and microscopic findings in gastric mucosa of dogs with CE treated with oral doxycycline. Doxycycline is widely used as an antibiotic choice for the treatment of several pathological conditions [16] . We also found that treatment with oral doxycycline for long periods of time was not significantly related to macroscopic or microscopic findings in the gastric and duodenal mucosa. Conversely, treatment with oral doxycycline caused adverse gastrointestinal effects in agreement with previous studies [16, 17] . It is suggested that the undesired side effects were caused by central stimulation of doxycycline in the autonomous nervous system. Accordingly, in the current study it was observed that when administering doxycycline as a treatment for CE during 28 days, there were no statistically significant alterations of the gastric mucosa, although a tendency to present edema of the mucosa was observed between days 0 and 30 of treatment. Nevertheless, these changes were classified as mild. Although the aim of the present work was not to evaluate the sensitivity of Helicobacter to doxycycline, we incidentally found beneficial effects of treatment on diminishing the presence of the bacteria. For instance, we observed a trend in decreasing the presence of Helicobacter after treatment, with a reduction from 40 to 26.67% in these patients, in agreement with previous reports in which 20 mg/kg/day doxycycline treatment lasted 21 days [26, 27] .
Among the adverse signs evaluated in the present study, diarrhea was the only one that showed differences between age ranges: In dogs in the range of 6 to 9 years old and dogs in the group of 1 to 3 years old. On the contrary, we did not find these differences amongst dogs of the group from 3 to 6 years old. These findings are in agreement, at least partially, with previous research conducted by Schulz et al., [17] in which authors investigated the side effects associated to the use of doxycycline in 386 cases, where 7% of dogs developed diarrhea during treatment. Authors reported that age was a risk factor for the occurrence of the above mentioned intestinal effects [17] .
In the present study,we reported for the first time in our city the incidence of doxycycline adverse effects in dogs. Considering that doxycycline is the choice treatment of CE, and the disease is one of the most common in our practice, it is essential to consider its adverse gastrointestinal effects in canine patients. This study confirms that, despite the absence of statistically significant alterations of gastric mucosa, the risk of adverse effects manifestation must be considered as reported elsewhere [17, 19, 28] .
In this study, none of the patients showed reflux-related signs during treatment, contrary to the report by Tutuian et al., [29] in which authors found that oral doxycycline treatment promoted gastroesophageal reflux and led to esophagitis [29] . In our study, mucosal edema of mild intensity was observed during the endoscopy procedure, which showed a tendency to increase when comparing between pre-and post-treatment times, increasing from 13.3 to 30% of cases.
Treatment of dogs suffering from CE with doxycycline for prolonged periods causes microscopic and macroscopic effects of mild severity on the gastric mucosa, including a slight increase of mucosal edema. Moreover, treatment with doxycycline of working dogs suffering from Ehrlichia infection proved to be favorable for the elimination or reduction of Helicobacter spp., in agreement with the reports by Anacleto et al., [26] and Morales et al., [27] . On the other hand, diarrhea was the main adverse effect related to this treatment, directly correlated with the ageof the dog [26, 27] .
Conclusion
We provide evidence about alterations of the gastrointestinal mucosa, clinical signs, and response to antimicrobial treatment, as evidenced by gastrointestinal endoscopy, histopathology of gastrointestinal biopsy, and clinical follow-up of dogs treated with doxycycline for 28 days. Interestingly, we did not find statistically significant changes of the gastric mucosa after antimicrobial doxycycline for 28 days. Interestingly, we did not find statistically significant changes of the gastric mucosa after antimicrobial treatment in dogs, and incidentally found a beneficial effect of doxycycline for reducing the presence of Helicobacter spp., in the gastric mucosa, showing a trend to decrease at day 30. Finally, we found a positive correlation between the adverse effect of treatment evidenced as dysenteric episodes and the age of the dog.
